Objectives. To examine the relationship of parental sugar-sweetened beverage (SSB) attitudes with SSB consumption during the first 1000 days of life-gestation to age 2 years.
Children in low-income households and racial/ethnic minorities are disproportionately affected by obesity, and etiologies of obesity and its disparities start early in life. Among those aged 2 to 5 years, Hispanic children have the highest obesity prevalence (15.6%), and non-Hispanic Black children have a 2-fold higher obesity prevalence (10.4%) than do their non-Hispanic White (5.2%) counterparts. 2, 4 To prevent childhood obesity and halt widening disparities, early life interventions to prevent childhood obesity among disproportionately burdened populations are needed. The first 1000 days of life is the period from gestation through age 2 years and was recently recognized as a critical period for development of childhood obesity and its adverse consequences. 5 Approximately 7.7% of US infants younger than 2 years have high weight for length (World Health Organization sex-specific z-score > 2.0 for age), predisposing them to obesity. 6 Sugarsweetened beverage (SSB) consumption is a major risk factor for development of obesity in adults, 7 and emerging evidence links maternal SSB consumption during pregnancy with offspring obesity during middle childhood. 8 Among infants, approximately 14% to 26% consume SSBs during the first year of life, 9, 10 leading to a 2-fold higher odds of obesity at age 6 years compared with counterparts with no SSB intake. 11 Among older children, previous evidence shows that parental SSB consumption is strongly associated with child SSB consumption, emphasizing a need to consider both parental and infant health behaviors in obesity-prevention interventions. 12 According to the theory of planned behavior, positive and negative attitudes toward behaviors, including drinking behaviors, precede intention and execution of behaviors. 13 Because of the disproportionate burden of childhood obesity among low-income families, understanding parental attitudes, parental behaviors, and infant behaviors related to SSB consumption during the first 1000 days of life will inform the development of interventions to promote healthy beverage intake early in life among low-income populations.
We examined the associations of parental SSB attitudes with SSB consumption during the first 1000 days of life. We hypothesized that parental attitudes that are more negative toward SSBs will be associated with lower SSB consumption during the first 1000 days of life for both parents and infants.
METHODS
We performed a cross-sectional study of 394 families enrolled in the New York City First 1,000 Days study, a study of parent and infant health during pregnancy and infancy in northern Manhattan. In the New York City First 1,000 Days study, we performed an explanatory, sequential mixed methods (quantitative followed by qualitative) study to examine attitudes and perceptions of beverage consumption among Hispanic/Latino families in low-income northern Manhattan neighborhoods with the highest prevalence of childhood obesity in New York City. 14 We present results from the quantitative research study, in which we sought to estimate prevalence of SSB consumption and the relationship of parental SSB attitudes with SSB consumption for themselves and their infants.
We recruited families from consecutive visits at a multisite Special Supplemental Nutrition Program for Women, Infants and Children (WIC) serving northern Manhattan in March 2017 to June 2017. Study staff obtained written informed consent from eligible adult WIC participants who were pregnant, a legal caregiver of an infant younger than 2 years, or both. We considered adult participants-henceforth called parents-eligible for the study if they or their partner were pregnant or had a child younger than 2 years; were enrolled in WIC; and were able to respond to questions in English or Spanish.
We excluded pregnant women with chronic medical conditions that may affect their nutrition behaviors and parents whose eligible child has chronic conditions that interfere with growth or feeding. Study staff who were fluent in both English and Spanish completed research visits in person. All consent and survey materials were translated into Spanish. Study participants received a $20 gift certificate for their time.
Measurements
Main outcome: parental and infant sugarsweetened beverage consumption. For the main parental and infant outcome of SSB consumption, we defined SSBs as all beverages with added sugar. These include regular sodas, fruit or juice drinks, sport drinks (e.g., fluid or electrolyte replacement beverages), energy drinks, and other beverages that contain added caloric sweeteners, such as flavored milks and sweetened teas or coffees. 15 Because 100% fruit juice does not include added sugars, we did not include it as an SSB. To measure parental beverage consumption, study staff administered the 15-item Beverage Intake Questionnaire (BEVQ-15), a validated and reliable quantitative beverage frequency questionnaire. 16 We used container samples to assist with parental response for serving size information. The BEVQ-15 can be administered in about 2 minutes to participants with a fourth-grade readability score. 16 Quantitative beverage frequency questionnaires have evidence as valid and reliable tools for measuring SSB consumption in Hispanic/Latino populations. 17 Parents reported frequency of consumption and serving sizes for each of the 15 items over the past month.
We used parents' report of habitual infant beverage frequency and quantity per serving to measure infant beverage consumption. Study staff administered a validated quantitative beverage frequency questionnaire from the Iowa Fluoride Study 18 and asked about breastmilk and formula use. 19 We used container samples to assist with parental response for serving size information for infants.
For parents and infants, we estimated habitual daily intake of SSBs in ounces and kilocalories using methodology previously described that includes use of food composition tables. 16, 20 For parents, we calculated median interquartile (IQR) SSB calories as the main outcome. Because of expert recommendations for infants to avoid added sugars-including SSBs-before age 2 years, 21, 22 we classified infant SSB consumption dichotomously (any vs none). We also estimated daily consumption of 100% fruit juice, cow's milk, unsweetened coffee and tea, artificially sweetened beverages, water, and other beverages to calculate total beverage ounces and kilocalories consumed daily. For infants, we additionally calculated formula and human (i.e., breast) milk consumption from a bottle or cup for inclusion in total beverage calculations. We were specifically interested in SSB consumption andbecause of the low frequency of exclusively breastfeeding in the study sample (15% exclusively breastfeeding) and wide variety in volumes and calories consumed with breastfeeding at the time of the research visit-we did not include breastmilk from breastfeeding in beverage calculations for infants.
Other measures. For the main exposure of parental SSB attitudes, trained study staff administered questionnaires at the time of the in-person research visit. We modified 4 questions from a survey of adult SSB beliefs and attitudes to focus on pregnancy and infancy. 23 Specifically, we asked parents how much they agree or disagree with the following statements that we modified to specify that the questions were for pregnancy and infancy: (1) "Sugary drinks are part of an active lifestyle"; (2) "It is okay to drink sugary drinks while pregnant"; (3) "Sugary drink consumption can negatively affect my child's health"; and (4) "Drinking sugary drinks increases the risk of gaining too much weight." Possible responses ranged from strongly agree to strongly disagree on a 5-point Likert scale. We assigned a value from 1 to 5 to responses, coded as "strongly agree" = 1 to "strongly disagree" = 5 for questions 1 and 2, and we reverse-coded for questions 3 and 4. We created a parental SSB attitude score by calculating the average score for parental responses to all 4 questions.
For covariates, we collected study participant age, sex, race/ethnicity, pregnancy status, marital status, highest education level for self and partner (if applicable), and household income. For parents with infants younger than 2 years, we obtained information on child age, sex, and race/ethnicity.
Statistical Analysis
First, we examined the distribution of components of the parental SSB attitude score, parental SSB and other beverage consumption, and infant SSB and other beverage consumption. We then examined the bivariate relationships of parental SSB attitude score with parental SSB (in kcals) and (any) infant SSB consumption. In multivariable models, we included covariates that were of interest on the basis of previous literature demonstrating a relationship with childhood obesity risk factors regardless of statistical significance in the current data.
We used quantile regression to estimate the relationship of parental SSB attitude scores with the median of parental daily SSB calories consumed. The parent-adjusted model (model 1) accounted for parent age at the time of the research visit and race/ethnicity. For the parent and socioeconomic status-adjusted model (model 2), we additionally adjusted for household income level and highest parental education level. In the fully adjusted parent model (model 3), we additionally adjusted the parent and socioeconomic status-adjusted model for parental pregnancy status.
For the subset with infants, we used logistic regression to examine the relationship of parental SSB attitude scores with any infant SSB consumption. In the child-adjusted model (model 1), we adjusted for child age at the time of research visit and child race/ ethnicity. In the child and socioeconomic status-adjusted model (model 2), we also adjusted for household income and highest parental education level. Because infants who consumed SSBs were older than were those who did not, we performed sensitivity analyses restricted to children aged 12 months or older. We conducted all analyses using SAS version 9.4 (SAS Institute, Inc., Cary, NC). All tests were 2-sided. We considered a P value of < .05 statistically significant. Table 1 displays the characteristics of the parents (pregnant women and nonpregnant parents of infants) and subsample of infants. Of the 394 parents interviewed, 31% were pregnant and 71% were parents of a child younger than 2 years. The majority of parents were Hispanic/Latino and female. For the subsample of infants, about half were male, median age was 6 months, and most were Hispanic/Latino. Approximately 8755 potentially eligible parents had visits at the main WIC site during the recruitment period, of whom 407 came for recruitment, and 400 were eligible and enrolled. The completion rate of interviews was 99%. Figure 1 shows the distribution of parental responses to items in the SSB attitude score. Parents had most negative attitudes most often for the SSB attitude score item stating that drinking SSBs can increase the risk of gaining too much weight during pregnancy and infancy (40%; Figure 1 ). Median parental SSB attitude score was 16 (range = 10-20; IQR = 15-17), indicating that parents tended to have negative attitudes toward SSB consumption.
RESULTS

Parental Beverage Outcomes
Overall, 89% of parents (combined pregnant women and parents of infants) habitually drank any SSBs (Table 1) . Parents drank median 10 ounces of SSBs daily, amounting to 105 kilocalories per day. In terms of beverages other than SSBs, the bulk of overall parental beverage consumption was from water (24 ounces), cow's milk (8 ounces), and 100% fruit juice (6 ounces). Overall, SSBs constituted the greatest number of beverage calories consumed by parents, followed by 100% fruit juice (median 101 kcal) and cow's milk (median 92 kcal). Parents overall did not habitually consume diet or artificially sweetened beverages. For the subset of parents who were pregnant mothers (Figure 2 ), the greatest number of beverage calories were from cow's milk, followed by 100% fruit juice, and then SSBs. For the subset of nonpregnant parents, beverage calorie sources were similar to the overall results. Table 2 shows regression model results for the association of parental SSB attitude scores with parental SSB consumption. In unadjusted models, a higher parental SSB attitude score (i.e., more negative attitudes) was associated with fewer SSBs. After adjusting for parental age and race/ethnicity, results persisted. Results were slightly attenuated after additionally adjusting for socioeconomic factors (household income, highest parental education status), and the strength of the relationship was minimally attenuated by additionally adjusting for parental pregnancy status. In multivariable adjusted regression models, each point higher parental SSB attitude score was associated with median 14.5 kilocalories (95% CI = -22.6, -6.4) fewer calories from SSBs consumed by parents.
Infant Beverage Outcomes
Among the subset of 281 parents with infants, 30% reported that their infants habitually drank any SSBs. Median age was higher among infants who drank SSBs than among those who did not ( Table 1) . Because of the difference in median age among infants who consumed SSBs compared with those who did not, we examined the frequencies and amounts of beverages habitually consumed by infants in a bottle or cup according to age category. Among infants younger than 12 months, 7% drank any SSBs, 11% drank any 100% fruit juice, 1% drank cow's milk, 41% drank water, 87% drank infant formula, and 22% drank breastmilk in a bottle. The median habitual daily consumption in ounces and calories was 0 for all beverage categories except infant formula (median 480 kcal) among infants younger than 12 months (Figure 2 ). For the subset of infants aged 12 months and older, most habitually consumed SSBs (66%), 100% fruit juice (86%), cow's milk (78%), and water (100%), and a minority consumed infant formula (22%) and breastmilk (2%). For infants aged 12 months and older, the greatest number of habitual beverage calories consumed was from cow's milk (median 365 kcal), followed by 100% juice (median 71 kcal), and then SSBs (median 10 kcal).
In regression models, each point higher parental SSB attitude score resulted in lower odds of infants drinking any SSBs (Table 2) . Results were of borderline statistical significance after adjusting for child age and race/ ethnicity, but additionally adjusting for household income and parental education widened CIs and included the null. In sensitivity analyses restricted to infants aged 12 months and older, we found similar results.
DISCUSSION
In this study of low-income, predominantly Hispanic/Latino families during the first 1000 days of life, we found that parents with more negative attitudes toward SSB consumption consumed fewer SSB calories. Also, more negative parental attitudes toward SSB consumption were associated with lower likelihood of infant SSB consumption, and socioeconomic factors accounted in part for these results. Overall, our findings support targeting parental attitudes toward SSBs during the first 1000 days of life as part of efforts to reduce maternal SSB consumption during pregnancy and prevent introduction of SSBs among infants in lowincome communities. In our study, 89% of parents and 66% of the subset of infants aged 12 to less than 24 months habitually consumed SSBs.
These estimates are higher than are those in nationally representative studies. For example, among non-Mexican Hispanic adults, a recent National Health and Nutrition Examination Survey (NHANES) study found that 63% of adults aged 20 to 39 years consumed SSBs. 24 In a different NHANES study, 54% of infants aged 12 to less than 24 months drank SSBs. 10 A direct comparison between studies is not possible because of differences in methodology. However, substantial evidence demonstrates that pregnancy and infancy are critical periods for the development of obesity and its chronic health complications later in life and that SSB consumption during these periods is a risk factor for later obesity in children. 5, 8 The high prevalence of parental and infant SSB consumption in this study and others lends support to the need for interventions to promote healthy beverage consumption in pregnancy and infancy.
To our knowledge, our study is the first to examine parental attitudes toward SSBs during pregnancy and infancy. Although previous research has shown a link between SSB attitudes-including knowledge-and SSB consumption among adults and older children or adolescents, [25] [26] [27] we know of no studies that have examined attitudes toward SSB consumption during pregnancy or infancy. By contrast to our findings, a recent study of Hispanic adults found overall low knowledge of SSB health effects, but knowledge of SSB health effects was not associated with high SSB consumption. 28 In a different study, parental consumption of SSBs was associated with adolescent SSB consumption, but neither parental nor adolescent knowledge of SSB health effects was associated with consumption. 29 This and other previous work suggest that targeting knowledge alone may not be sufficient to shift behavior. Attitude is a multifaceted construct that influences behavioral intention, and knowledge is only 1 of many factors that influence attitude. Our findings build on previous literature to suggest that understanding drivers of parental SSB attitudes besides knowledge-such as perceived beverage attributes and cost-will inform future health messaging and policy interventions to reduce SSB consumption in the first 1000 days of life.
Furthermore, in the context of literature showing a link between parental and child SSB consumption, our findings of (1) high proportion of parental SSB consumption, (2) high proportion of infant SSB consumption, and (3) an association of negative parental SSB attitudes with parental and infant SSB consumption support the need to include parental behavior modification in efforts to promote healthy infant beverage consumption.
Overall, we found that parental attitudes leaned negative toward SSBs. Attitudes toward SSBs did not fully explain SSB consumption for parents or infants. Although attitudes toward SSBs have consistently been identified as important in determining behaviors related to diet and beverage consumption, other factors can influence beverage consumption. In qualitative research among young adults and children, taste preference was a major driving factor for SSB consumption. 30, 31 Humans are born with an inherent preference for sweet taste, and infancy is a period for learning food and beverage preferences. SSB consumption during the first year of life is linked to SSB consumption later in childhood, 9 and some evidence shows a role for child taste preferences influencing caretakers' attitudes toward beverages. 26 Thus, early introduction of sweet beverages could both influence parental attitudes and propagate later consumption of SSBs. According to the theory of planned behavior, perceived social norms and perceived behavioral control precede behavioral intentions, and a study of adults found that these additional components, along with attitudes, influenced SSB consumption. 25 Thus, although targeting parental attitudes may play a role in curbing SSB consumption, additional intervention components may need to target broader populations-such as extended family, friends, and community members-to influence perceived social norms. Also, parental self-efficacy of behavioral control may need to be targeted through coaching or skills building in interventions.
We found that more negative parental SSB attitudes were linked to a lower likelihood of SSB consumption for infants, but findings were attenuated after adjusting for socioeconomic factors. These results suggest that factors related to socioeconomic status could account for the relationship between parent attitudes toward SSBs and their introduction of SSBs to infants. In low-income neighborhoods, the availability of highcalorie, nutrient-poor foods contributes to consumption of these foods, 32 and "food swamps"-areas of high density of food retail establishments serving fast food or junk food-predict adult obesity prevalence. 33 Additionally, the food and beverage industry invests millions of dollars to target parents and children early in life to develop brand preference and disproportionately targets television advertising to racial/ethnic minority and low-income populations. 34 Thus, it may be possible that high availability and greater exposure to advertising among low-income groups could affect both parental attitudes and behaviors related to infant consumption. 
Limitations and Strengths
Our study has some limitations. Social desirability bias could influence parental report of their attitudes or beverage consumption. To reduce the likelihood of this bias, study staff who were ethnically concordant and native Spanish speakers were trained in culturally sensitive administration of interview questions. To reduce the risk of recall bias, we used validated quantitative tools to obtain information on habitual beverage consumption. Because of the cross-sectional nature of our design, we cannot determine causality. Finally, we modified attitude questions to fit the life course periods of interest-pregnancy and infancy-and these questions have not undergone formal validation testing with these modifications. However, the modifications were minor and were made to specify that the period of interest was pregnancy and infancy.
This study has many strengths. First, our study is the first, to our knowledge, to examine the relationship between parental attitudes toward and consumption of SSBs during pregnancy and infancy. Second, with more than 7.6 million participants, 35 WIC is a platform for promoting maternal-child health among low-income families early in life. We also studied families in a geographic location with the highest prevalence of childhood obesity in New York City.
14 Thus, our study sample is well suited to provide information that is relevant to low-income, Hispanic families, a group disproportionately burdened by childhood obesity, in a setting that is poised to intervene early in life. Finally, we used a contemporary study sample to provide new information on attitudes and SSB consumption during a critical period in the life course.
Public Health Implications
We found that parents with more negative attitudes toward SSBs habitually consumed fewer daily SSB calories and were less likely to have infants who drank SSBs. Considering that the substantial evidence that frequent SSB consumption during these critical periods in the life course can adversely affect later child health, efforts to curb SSB intake during pregnancy and to avoid introduction during infancy are needed. In the future, better understanding of the drivers of negative parental SSB attitudes will inform the development of policy interventions such as the modification of beverage attributes (e.g., taste and cost) or shifts in marketing and advertising of infant and toddler products to reduce SSB consumption in the first 1000 days of life. Our results support the need for future interventions that target parental attitudes toward SSBs to promote healthy beverage consumption during the first 1000 days of life. 
